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(57) Abstract 

An enhanced ignitor for initiating a quantity of 
pyrotechnic, explosive or energetic material including a 
multistage device in which the semiconductor bridge ignitor 
is activated by an electrical circuit and the ignitor in 
turn activates an energy-generating component which upon 
activation, alloys, crystallizes or otherwise reacts to create 
sufficient ignition energy to cause the pyrotechnic explosive 
or energetic material to ignite. 
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ENHANCED BRIDGE IGNITOR FOR IGNITION OF 
EXPLOSIVE AND EN ERGETIC MATERIALS AND MFTHOD OF USF 

Backgro und of the Invention 
5 Prior semiconductor bridge devices for the ignition of 

explosive and energetic materials have been proposed (U.S. 
Patent Nos. 3,366,055, 4,708,060, 4,976,200 and 5,029,529). 
Heat generated by semiconductor bridge ignitor devices has 
not in certain applications been sufficient to initiate the 
10 explosive or energetic material. The use of mixtures or 
layers of dissimilar materials which exhibit exothermic 
reactions when activated have been used extensively in the 
field of pyrotechnics to produce heat and light. Such 
dissimilar materials include metal-to-metal layers; metal-to- 
15 metal oxide layers and thermitic mixtures. Further, 
multilayer ignitors have been proposed (U.S. Patent No. 
5,538,795) . 

The present invention proposes enhancing ignition of a 
20 brid 9 e ignitor using such dissimilar, materials . 

Summary nf the Invention 

Broadly, the present invention is an enhanced ignitor 
and its method of construction and use comprising (l) a 

25 bridge ignitor and (2) an energy-generating component 

adjacent the bridge ignitor and activated by it. The energy- 
generating component in turn comprises at least two 
dissimilar materials which react exothermically and produce a 
self-sustaining reaction. The energy-generating component 

30 materials may be mixed together as a single layer or each 
material may be formed in a layer positioned adjacent to a 
layer of the other dissimilar material. Multiple single 
mixture layers or multiple pairs of such layers may also be 
constructed in stacks to enhance energy output. 

35 

Materials which exothermically react to produce a self- 
sustaining reaction include dissimilar elements, metallic or 
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non-metallic and mixtures of elements and compounds which 
compounds may be inorganic or organic. 

The energy-generating component of the present invention 
5 is preferably constructed in a multilayered manner using 
integrated circuit design and semiconductor production 
techniques . 

The enhanced bridge ignitor of the present invention is 
10 particularly useful in quickly generating sufficient heat to 
ignite pyrotechnics, explosives, propellants and other 
energetic materials. For example, gas generating materials 
located « automobile restraint inflator units may be ignited 
to effect inflation of air bags and inflatable seat belts 
IS used in vehicles. 

The enhanced bridge ignitor of the present invention 
provides a readily manufactured ignitor. Both the bridge 
ignitor portion and the adjacent energy-generating component 

2 0 portion can be optimized by varying the composition, layer 
thickness, the number of layers and area to provide an 
enhanced ignitor for specific applications. The inventive 
ignitor may serve to ignite explosives of differing size and 
characteristics. Thus, the dimensions and geometric 

2 5 configuration of enhanced bridge ignitors of the present 
invention are each selected and sized for the energetic 
output required. 

Brief Peg, 

Fig. 1 is a sectional exploded view of the enhanced 
bridge ignitor of the present invention with an ignition 




circuit ; 



Fig. 2 is a sectional view of a dual layer of the 
3 5 energy-generating component of the invention; and 
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Fig. 3 is a sectional view of a tri-layer of the energy- 
generating component of the invention. 

Description of the Preferred Embodiment 
5 Referring to Fig. l, enhanced bridge ignitor 9 includes 

nonelectrically conductive material substrate 11, doped 
semiconductor layer or bridge 12, right conductive land 14r 
and left conductive land 141. Substrate 11, bridge 12 and 
lands l4r, 141 comprise a semiconductor bridge ignitor 10 
10 which is preferably composed of a polysilicon-on-silicon 

wafer and suitable metallic land materials. Bridge ignitor 
10 is enhanced by the addition of a multilayered energetic 
component 15. Nonconductive layer 16 is located between 
bridge ignitor 10 and multilayered energetic component 15 to 
15 electrically isolate the lands 14r and 141 from the 

multilayer energetic component 15. This electrical isolation 
prevents shunting of the bridge by the energy-generating 
component 15. The energy-generating component 15 is, in 
accordance with this invention, a component that creates heat 

2 0 when acted upon by the bridge ignitor. Component 15 may have 

the following characteristics. 

1. A Single Layer or Multiple Layers With Each 
Layer Being A Mixture of Dissimilar Materials 

25 The energy-generating component 15 may be a single layer 

composed of a thermitic mixture which mixture includes a 

metal oxide as the oxidizer and a metal. For example, a 

mixture of aluminum powder and powdered ion oxide which when 

heated by the bridge ignitor 10 in turn emits substantial 

3 0 heat - The production of such heat by two such powdered 

materials is a typical thermitic reaction. Such material is 
sold under the trademark Thermit. A plurality of layers of 
thermitic materials may also be used to increase total energy 
output. other thermitic materials or thermites may be used 
3S include aluminothermic materials. Aluminum may be mixed with 
the following oxidizers: 
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Table I 



10 



Oxidizers 
Boron oxide 
Chromium (III) oxide 
Manganese 
Iron oxide 
Iron oxide 
Cupric oxide 
Lead oxide 



Formu ] a 

B 2 0 3 

Cr 2 0 3 

Mn0 2 

Fe 2 0 3 

Fe 2 0 4 

CuO 



Pb 3 0 4 

Thermitic mixtures may include Fe 2 0 3 mixed with the 
following elements of Table II to form the listed oxide 
compounds. e 



15 



Table II 



20 



Combustibl 
Al 

Mg 

Ca 
Ti 
Si 
B 



Formula of OyiHp 

A1 2 0 3 

MgO 

CaO 

Tio 2 

Si0 2 

B 2 0 3 



25 



2 ' S £ 3?SuLii!S£ l S£Jr h Layer COBposed 



Component 15 may alternatively be a layer of one 

aL a ^la mat " ial P ° Siti - ed * layer of a selected 

or" ae m t al " hiCh ««* exothermically to 

provide a self-sustaining reaction. A self-sustaining 

30 reaction is dictated primarily ny two considerations: heat 

^reaction *"* '"^ ^sferred away from 

AAt; taction area. 

35 one o!"^ 0 "! eneratin9 COroP ° nent 15 Preferably includes 

layer J * etalliC C ° mP °— ^« - with each dual 

layer 18 consisting of upper component metallic layer 18a and 

lower component metallic layer 18b Th -k • 

layer 18b. The thin metallic layers 
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of multilayered energetic component 15 are preferably 
deposited using vacuum deposition techniques. Layer 18a is 
preferably nickel or a nickel-based alloy and layer 18b is 
aluminum. Nickel-based alloys containing approximately 67% 
5 nickel and the balance copper with small amounts of other 
elements are useful in the practice of this invention. In 
addition to layers of nickel-based alloys and aluminum, any 
two metallic layers that produce an exothermic and sustaining 
alloying reaction may be used in the present invention. 

10 

Further examples of dissimilar metal layers and their 
reaction products are set out in Table III. For example, 
titanium reacts with carbon to form titanium carbide and 
titanium reacts with boron to form titanium diboride. 
15 Table III 



20 
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Metal In 


Metal In 




One Layer 


Adiacent Layp^ 


Comoound Formed 


Li 


Sn 


LiSn 


Li 


Sb 


LiSb 


U 


Mg 


UMg 


Sn 


Ca 


SnCa 2 


Ti 


B 


TiB 2 


Zr 


B 


ZrB 2 


Hf 


B 


HfB 2 


Ti 


Al 


TiZl 2 


Zr 


Al 


ZrAl 2 . 


Ni 


Al 


NiAl. 


Pd 


Al 


PdAl 


Pt 


Al 


PtAl 


Ti 


C 


Tic 


Zr 


C 


ZrC 


V 


Si 


VSi 2 


Nb 


Si 


NbSi 2 


Ce 


Pb 


Ce 2 Pb 
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Fig. X shows a first bi _ metal layer ^ a stack 

the er L^° Ve ^ * Si ^^ «* illustration 

the additional bi-metal layers in stack 20 used in the 

practice of the invention are not individually shown 
5 Further, such additional dual material layers serve to 

generate additional heat when raised in temperature are not 
necessary and it is within the scope of this invention to us 
only one dual layer. 



e 



3 - Met al Layer and AcH»n»m- m-,-, r ompoun(j r , ay oy . 
Other dual layer energetic materials may be used as 
.co»po»e nt 15 in the practice of this invention such as active 
metals (or metal fuels) and metal oxides. The metal fuels 
and metal compounds such as oxides are selected as pairs of 
15 such materials that chemically combine to create an 

exothermic and self-sustaining reaction. An example of such 
LTll l^:^: 1 * 1 * iS Aluminum and iron oxide. Component 15 
may be. a thm layer of aluminum adjacent a thin layer of iron 

20 s°::::* sucl : duai or pair iayers * ay be re <— - — * 

stack, sxmilar to stack 20 of metalllc-to-metallic dual 
layers 18. 

Other metals which are useful in forming a metallic 
layer are iron, magnesium, titanium, tungsten, zinc and 
25 zirconium, 

oxid metal ° XldeS USefUl in *"-*ng a metal 

oxide layer are set out in the following Table. 



30 
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Table IV 



Compound 
Aluminum oxide 
Barium oxide 

5. 

Boron oxide 
Magnesium oxide 
Potassium chloride 
Potassium oxide 
10 Silicon dioxide 
Sodium chloride 
Sodium oxide 
Strontium oxide 
Titanium dioxide 
Zirconium dioxide 



15 



Formula 

A1 2 0 3 

BaO 

B 2 O s 

MgO 

KC1 

K 2 0 

Si0 2 

NaCl 

Na 2 0 

SrO 

Ti0 2 

ZrO. 



4 * A Metal Layer A nd An Adjacent Non-Metallic Lay er 
It is also further contemplated that a layer of 
zirconium and a layer of silicon may be used as disclosed in 
20 U ' S - Paten ^ No. 4,783,379 which patent is incorporated by 
reference and is made a part of this application. 



5 - A Me tal Layer And An Ad jacent Organic Material I^y pr 
Component 15 may as a further alternative, include a 
thin layer of magnesium and an adjacent thin layer of 
polytetraf luoroethylene PTFE . This material is sold under 
the trademark Enerfoil. This material may be produced by 
vacuum deposition techniques and is described in U.S. Patents 
4,890,860, 5,034,070 and 5,253,584 which patents are 
incorporated by reference and are part of the present 



25 



30 



application 



6 • Non-Me tallic Layer and Reactive Layp,r 

Component 15 may be composed of a non-metallic layer of 
35 boron, carbon, phosphorus (P) , phosphor (PJ , silicon or 

sulfur. The adjacent reaction layer includes any compound to 
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react with the non-metallic laver + n „ ■ 

sn ^ s .. ■ 1C iayer to give off heat such a<^ a 

suitable oxygen compound. a 

7 " Ma terial Tri -1.^^ ^ 

5 energetic ^diment, the multilayer 

energetic component is may consist of one or ffln « \ 
such as a layer of metal fuel a laver tri ~ la ^ 

layer of carbon between the first t ' ^ 3 

Further tri t mentioned layers. 

ner ' tri-layers useful in component i r =v 
10 reactive layer such as a , • " Ip0nent 15 are composed of a 
aatepU . y ' h 33 aluwinum ' a ^ a second active 
material such as copper oxide which reactive layers " 
separated by a third nonreactive or much less rLcti^ l 
of materia! such as carbon. The presence of th a ^ 
layer enhances the reaction resultina in separator 
15 temperatures This m „ -, ^ - reSUltlng ln generation of higher 

' Thls multilayer material is di^in. ^ • 
Patent No. 5,505 799 wh ^ h • disclosed m U.S. 

' i,?99 which is incorporated by referpn^ 
is made oar-r ^-f t>,„ y re rerence and 

part of the present application. 

The energy-generating component ir = „ • , 
20 the materials describe I Y lnClude any of 

iS aescribed above under numbers 1-7 ™- 

-terials which react to produce heat in a sustain 
such that when component 15 is activated ^ 
component 15 will produce sufficient heat t / 
explosive or energetic material to be Tnt tiaLTT ^ 
25 component 15 may be constructed of combing ^ ' 

and layers described above. —Nations of mixtures 

Stack 20 may include hundreds of pairs , „ 

metal layers i nH n^ Pairs of stacked bi- 

xayers including five hundred ( 5 00 ) 
30 metal laver^ • 4. } pairs or more. Bi- 

examm Positioned adjacent one another. Fo r 

example, a layer of nickel or a nickel-based allov ll 
Positioned adjacent a layer of aluminum followed by ' 
layer of nickel or nickel-based alloy and anolh , 
aluminum and so forth t-o ^ another layer of 

■. torth to form a stack 20. Stack ?n 

35. layers, numbering in the hundreds or Morp SUCh 
on the amount of energy r &qu ^ J ^ ^ 
energetic material 19 This sr, ""^^ the explosive or 

19- This stacked composite including dual 
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layers 18 of bi-metal layers normally functions in sequence. 
The lowest dual layer 18 adjacent bridge 12 being heated 
first to a sufficient temperature to cause layers 18a and 18b 
to exothermically alloy. Heat produced by the alloying of 
5 layers 18a and 18b causes the alloying (heat-generating) 

process to propagate the lowest layer of stack 20 in a self- 
sustaining reaction process. This self-sustaining process 
continues through subsequent layers of the stack until the 
heat generated causes initiation of energetic material 19 

10 

Further, with respect to Fig. i, bridge initiator 10 
includes a circuit A connected to lands I4r and 141 including 
a switch S, a capacitor C, a resistor R, and a power supply 
PS. Fig. 2 shows a dual layer of aluminum 25 and a nickel- 
15 based alloy 26, and Fig. 3 shows a tri-layer of aluminum 27, 
carbon 28 and copper oxide 29. 

in the operation of the enhanced bridge ignitor 9, 
switch S of circuit A is closed by an external signal, 

20 generated, for example, by a vehicle restraint system's 

electronic control module in response to rapid deceleration 
resulting from a crash. Closure of switch S causes the 
electrical charge stored in capacitor C to produce a voltage 
drop between lands 14r and 141. Electrical current fl,. 

2 5 induced by the voltage drop causes ohmic heating of the 

bridge ignitor 10, resulting in initiation of component 15. 
In the Fig. i embodiment initiation is the start of the 
alloying reaction in the nearest bi-metallic layer 18. of 
multilayered energetic component 15. Bridge ignitor 10 

30 activates to accomplish one or more of the following: (i) 
generates heat through burning; (2) forms a plasma or (3) 
creates a shock effect. Self propagating exothermic 
reaction of subsequent bi-metallic mulitlayers 18 in stack 20 
as described above, produces further heat which in turn 

35 initiates the gas generating energetic material 19. 



ow 
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Examp 1 ^ 

nicKel ;° mPOS " e S " Ck of P a " S of l ayers of aluminum and 

layers „° t n r 7,° f hUndred Pairs o f 

s f :L™ ea ° h haVi " g '"^in, tensions was 

wL"L th: i- h es ,. 142 ram (millimeters) 

width. o.OSS inches 1.397 m m 

thickness: 2 50 nm (nanometers) 

io :o u : h 3 c :r:„:: mtzr^ an ™ ° f —» — - 

wnen activated, as. compared to 3 ml /™s i i ■ -r , 
- aner gy produced by . 

Dual metallic layer 18 and all other stark i 
critirsi +- er stack layers have 

critical temperatures at which explosive crvstain, «- • 
» taKes place. Dual metallic ^ ^ " - 

^ 20 « Alloying reaction also KnovJ x 0 • 

cryst all i2ation vhen heated ^ ^ 

heat generated by the metallic layers is M ™ / 

th^n <-k x_ yers ls many times greater 

than the heat generated by bridge 10. greater 
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I CLAIM: 



1. A device for initiating a quantity of pyrotechnic 
explosive or other energetic material comprising 



a) 



a bridge ignitor capable of producing heat 
when activated; 



b) 



an energy-generating component positioned 
10 adjacent the bridge and adjacent the energetic 

material, such component in turn comprising 
dissimilar materials which combine to produce 
heat in a self-sustaining manner such that the 
quantity of energetic material is initiated; 
15 and 



c) 



circuit means for activating such bridge 
ignitor; 



20 whereby the quantity of energetic material when positioned 
adjacent the energy-generating component of the device is 
initiated upon operation of the circuit means to activate the 
bridge ignitor. 

25 2. The device of claim 1 in which the energy- 

generating component is a thermitic material. 

3 . The device of claim 1 in which the energy- 
generating component is a dual metallic layer 

30 

4. The device of claim l in which the energy- 
generating component is a dual layer with one layer being a 
metal and the other a metal oxide. 

35 5 - The device of claim 1 in which the energy- 

generating device is a dual layer with one layer being a 
metal and the other an organic material. 

- 11 - 
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6. The device of claim 1 in which the energy- 
generating component is a dual layer with one layer including 
Lr tallk Mterial -yer 

7. The device of claim l in „ hich the energy _ 
generate, component ha S a plurality of stacked Zl lay 



ers . 



8. The device of claim 3 in which the dual layers ar* 
10 a nickel alloy and aluminum. 7 are 

metals , ^ ° f Claim 3 ±n Whi ° h the ^ layer is a 

metal fuel and a metal oxide. 



15 



10. The device of claim 3 in which the dual lay 
magnesium and polytetraf luoroethylene . 



er is 



11- The devxce of claim 6 in which the energy- 
generating component is a plurality of stacked dull 1 
20 two dissimilar metals. layers ° f 

oener 1 ;: ^ deViCe ° f clai ™ 6 in which the energy- 

letall 9 COmP ° nent ±S 3 of stacked dull layers of 

metallic materials. ayers of 

25 

13. The device of claim 6 in which the energy- 
generating component * i 

and m ^ i • tri-layer composite of metal fuel 

and metal oxide separated by carbon. 



30 14 



generat . deVlCe ° f Claim 2 ^ which the energy- 

Ilumin 9 C ° mPOnent 13 a ^ of a mixtu ^ of 

aluminum powder and powdered oxide. 

15 ' ^ deViGe ° f clai * 1 in which the energy- 
35 generating component is a layer of non - 

Sa „_ . . iayer ° f no n-metallic material and 



an adjacent reactive layer. 



- 12 - 



10 



WO 98/34081 

JPCTAJS98/01185 

16. A device for initiating a quantity of pyrotechnic, 
explosive or energetic material comprising 

a) a semiconductor bridge ignitor capable of 
producing heat when activated; 

b) a component positioned adjacent the 
semiconductor bridge comprising two dissimilar 
materials which when heated enter into an 
exothermic reaction; and 

c) circuit means for activating such 
semiconductor bridge ignitor; 

15 whereby the quantity of pyrotechnic, explosive or energetic 
material positioned adjacent the alloyinq component of the 
device is initiated upon operation of the circuit means. 

17. A method of initiating a quantity of pyrotechnic, 
20 explosive or other energetic material comprising 

1) positioning adjacent such quantity of 
pyrotechnic, explosive or energetic material 
an energy-generating component including two 
dissimilar materials which enter into an 
exothermic reaction when heated; 

2) positioning adjacent such energy-generating 
component a bridge ignitor; and 



25 
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35 



3) providing means to cause the bridge ignitor to 
react and form heat to cause said component to 
enter into such exothermic reaction 

whereby the heat from the bridge ignitor causes the adjacent 
energy-generating component to activate in turn cause the 
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ignite. 
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or energetic material to 



18. The method of claim 17 in which the energy- 

5 generating component is provided with a thermitic material. 

19. The method of claim 17 in which the energy- 
generating component is provided with a dual metallic layer. 

« 20. The method of claim 17 in which the energy- 

generating component is provided with a dual layer of a metal 
and a dissimilar material. 

21. The method of claim 17 in which the energy- 

15 generating component is provided with mulitlayers of reactive 
material. 



22. The method of claim 21 in which the multilayer 
energy-generating component is provided with a pluralitv of 

2 0 stacked dual layers. 

23. The method of claim 19 in which the dual layers 
include a layer of nickel alloy and a layer of aluminum. 
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24. The method of claim 20 in which the dual layer i 
metal fuel and a metal oxide which react to generate heat. 

25. The method of claim 20 in which the dual layer i 
magnesium and polytetraf luoroethylene . 



s a 



26. The method of claim 22 in which the energy- 
generating component is a plurality of stacked dual layer 
metallic materials. 



s of 



35 



27 



The method of claim 17 in which the energy- 
generating component is a tri-layer composite of metal fuel 
and metal oxide separated by carbon. 
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28. The method of claim 18 in which the thermitic 
material is a single layer of a mixture of aluminum powder 
and powdered oxide. 

5 29. The method of claim 17 in which the energy- 

generating component is a plurality of stacked tri-layers of 
fuel, metal oxide and carbon. 

30. The method of claim 21 in which the semiconductor 
10 bridge and energy-generating component are constructed by 

depositing layer upon layer. 

31. The method of claim 17 in which the energetic 
material is a material in a vehicle inflator. 

15 

32. The method of claim 17 in which the bridge ignitor 
and energy-generating component layers are provided with 
dimensions and number of layers to provide the amount of 
ignition energy required to cause the energetic material to 

2 0 combust. 

33. The device of claim 6 in which the semiconductor 
bridge and energy-generating component are constructed by 
depositing layer upon layer. 

25 

34. A vehicle inflator including the device of claim i. 



30 



35 
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FIG. 3 
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